In order to study the linkage effects between degree of polymerization and frequency domain dielectric spectroscopy characteristics of oil-paper insulation, the frequency domain dielectric response test platform of oil-paper insulation is set up. Complex permittivity of oil-paper insulation respectively composed by new or aged oil and insulation paper with different DP are tested, and complex permittivity of oil-paper insulation respectively composed by insulation respectively composed by new oil and insulation paper with different DP and low or high moisture content are tested. The test results are analyzed, and the analysis results show that the degree of polymerization of insulation paper has an influence on complex permittivity of oil-paper insulation though influencing the distribution of moisture and acids between oil and paper.
Introduction
As the promotion of transmission voltage, oil-immersed power transformers in power systems become more and more important. Oil-paper insulation is an oil immersion major component of the internal insulation of power transformers in the transformer. The effect of thermal stress on the long-term operation of the device can lead oil-paper insulation to the decline of its insulation performance [1] . The faults caused by transformer insulation performance degradation accounts for about 80% of the total faults, and aging of oil paper insulation failures accounts for a large proportion. Therefore, accurate diagnosis of oil paper insulation aging degree has very important practical significance [2] .
Frequency domain dielectric spectroscopy (FDS) is an non-destructive diagnostic method. When FDS was introduced to insulation fault diagnosis for power transformers, it was received wide attention of scholars. Compared with the chemical analysis, FDS is an accurate and reliable method to determine the moisture content of the paper insulation and insulation oil conductivity [3] .
Oil-paper insulation aging process is easy to produce water and acid [4] . Heat insulating paper, electrical, mechanical, aging water and acid synergistic can decrease the degree of polymerization of transformer when operation time increases. The decline in the degree of insulation paper is not recoverable, and the insulation performance of the insulation paper can also be reduced [5] . So, this paper study the influence of DP on frequency domain dielectric spectroscopy characteristics of oil-paper insulation and the mechanisms, and frequency domain dielectric response test platform of oil-paper insulation is set up.
FDS Principle and Experiment

FDS Principle
Variable voltage U(t) across the capacitor plates produce a uniform electric field E(t) = U(t)/d between the plates, where d is the distance between two plates [6] . The electric potential of the electrodes D(t) is composed of the instantaneous contribution of vacuum ε 0 E(t) and the polarization response of inertia delay P(t),
The full current density is known by Maxwell equation
where σ 0 is DC conductivity, Fourier transform of (2) 
FDS Experiment
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Experimental materials used in this paper are transformer insulation paper and mineral insulating oil, details of materials shown in Table 1 . According to Table 1 , different degree of polymerization of insulation paper can be obtained. Measuring the degree of polymerization of insulating paper is reference for GB 1548-2004. In order to reduce the measurement error, three samples are measured, and the average value of the degree of polymerization of three samples is used as the degree of polymerization. (Table 2 ) Because small molecule acid has a great impact on frequency domain dielectric response characteristics of oil paper insulation [7] , so this paper use the small molecule acid--Formic acid. Test principle diagram and test apparatus are shown in Figure 1 . 
Analysis of Frequency Domain Dielectric Spectrum of Small Molecule Acid-Containing Oil Paper Insulation and DP
Put different degree of polymerization of the insulating paper in a high initial small molecule acid content (acid value 0.3 mg KOH/g) insulation oil, the balance distribution of the small molecule acid is shown in Table 3 . Figure 4 shows the colour of new oil, 15 days-aged oil and 20 days-aged oil in experiment. The rightmost oil sample has been aged for 20 days whose moisture is 150 ppm and acid content is 0.12 mg KOH/g. Table 4 shows the moisture and acid equilibrium distribution between 20 days aged oil and paper with different DP whose initial moisture content is 2%. 
Analysis of Frequency Domain Dielectric Spectrum of Insulation Paper with Aging Insulation Oil
Conclusions
1) When insulating oil of small molecule acid content is high, the decreases of DP of insulating paper have a great impact on paper insulation complex permittivity, and the impact of the low frequency region is mainly reflected in the test.
2) For light acids, the decreasing of DP has an influence on Complex permittivity of oil-paper insulation only when oil-paper insulation has high light acid content, and the influence is mainly manifested in the low frequency area of the test. For moisture, the decreasing of DP has already affected Complex permittivity of oil-paper insulation largely when oil-paper insulation has low moisture content, and the impact is mainly manifested in the low frequency area of the test. While the moisture content is higher, the impact is manifested clearly in all frequency area of the test.
3) The degree of polymerization of insulation paper has an influence on complex permittivity of oil-paper insulation though influencing the distribution of moisture and acids between oil and paper. 
